Introduction
. The molecule 1, 3-butadiene ( CH 2 = CH -CH = CH 2 ) has been considered 1 as a· model system for pi-electron molecular orbital calculations. Since · the·hyperfine spectra of hydrocarbon radicals can be so conveniently related to the pi-electron. spin density, 2 it would seem that the electron spin resonance spectrum of'the radical-anion of butadiene is particularly significant. A large number of radical-anions have been prepared by reducing the parent hydrocarbon with alkali metals. In the case of butadiene, it
.does not appear that this technique could be successfully used since it is well known that butadiene is readily polymerized by contact with alkali metals.
The electrolytic reduction technique developed by Geski and Maki 3 has many advantages. Since it is possible to do electrolysis directly in the cavity of an electron spin reson~nce spectrometer, a radical with a lifetime of a second or less can still be observed. For butadiene we decided to develop an electrolytic reduction technique in which the radicalanions could be produced by homogeneous solution reactions rather than heterogeneous electrode reactions. 3 The well known 11 solvated electron" which can be found in liquid ammonia should represent an excellent.
homogeneous reducing agent. In addition,· the high dielectric constant, ~ow freezing point and exce~lent solve.nt properties should make liquid ammonia a very satisfactory solvent for electron spin resonance work. ;' ,) ....
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Since the radical-anion of naphthalene 'can be very easily produced by sodium reduction one would think that the "solvated electrons" in liquid ammonia should be sufficient for the reduction of butadiene.
This was found to be the case, but the half-life of the radical-anion under favorable circumstances was only a few seconds so that continuous · electrolytic reduction was necessary.
Experimental
In the electrolytic method it is necessary to have a supporting ele.ctrolyte so that satisfactory current flow can be produced. If a solution.of Nai in li~uid ammonia is electrolyzed between platinum electrodes, iodine is produced at the anode and "solvated electrons"
are produced at the cathode. The nature of the "solvated electrons"
is still under investigation 5 but it is sufficient to say here that the potential of the cathode is largely independent of the cation if various alkali metal salts are used.
A smaller amount of ion association with the radical-anions might be expected if bulky cations are present in the supporting electrolyte.
Several workers have invest~g~ted the electrolysis of solutions of tetra-
.
a~kylammonium salts and Forbes and Norton found that the cathode potential is independent of the alkyl groups. They postulated the production of "solvated electrons" at the cathode. Laitinen and Nyman 7 confirmed this conclusion from polarographic studies. The cell which we used for the liquid ammonia reductions is shown. The cell is placed in the unsilvered quartz dewar, also shown in Figure 1 , and mounted in the microwave cavity. Cold N 2 gas is passed through the dewar to maintain the cell between the freezing and boiling points of liquid ammonia. The electron spin resonance spectra were .
taken with a conventional bridge x-band spectrom~ter utilizing 100 kcs.
field modulation and both 6 11 and 12"· electromagnets. Eastman white label tetramethylammonium iodide was recrystallize~ from a ethanolwater mixture and dried over P 2 o 5
• Excess electrolYte was placed in .
'\ ' 10 the cell whic~ was the~ throughly evacuated and the ~onia and ll \ butadiene were distilled over. The contents of the cell were mixed. the butadiene in the ammonia. It was usually obs.erved that the signal":"
to-noise ratio would improve ·with increasing electrolysis current, but at too high a current the line associated with the "solvated electron"
would appear and then the _radical-anion spectrum often seemed weaker.
If the butadiene was initially 5 x 10-3 ~~ then an optimum signal was obtained when about 25 v. was applied between the two electrodes.
Experimental Results
1m experimental electron spin resonance spectrum as obtained for butadiene radical-anion is shown in Figure 2 The spectrum was measured several times over a range of microwave power and field modulations and the coupling constants in Table I were obtained. The difference in field between lines 1 and 2 were the'same , constants in Table I and Lorentzian line shapes all ~f equal width • The agreement.between the observed and calculated spectrum is eXcellent.
The line width of the spectrum was not found to vary with temperature within our experimental accuracy between -78 and -68°C. The lifetinle . of the radical-anion was determined by measuring the decay of the signal after the removal of the electrolysis current •. At -78°C the decay was found to follow first-order kinetics with a half-life of 2 sec. Since the signal-to-noise ratio could depend greatly upon ·the experimental conditions the half-life probably does depend upon the temperature and solute. We have no indication that the observed line width is due to electron exchange with neutral butadiene, but it is possible that solute concentration or other factors may be the primary source of line width. Magnetic field inhomogeniety was not a source of line width.
Discussion
The observed values of the proton coupling constants can be related to theoretical spin densities if the Q values 2 are known~ Recent evidence 13 indicates that the Q for every carbon position must be calculated taking into account a variation of Q with charge density.
In our case since we know the proton coupling constant for every carbon atom an average Q value can be exactly determined. Thus by symmetry, we know that p 1 + p 2 = 0.5 and so. Q(av.) = 2(A 1
This value of Q is particularly small and it seems to confirm the ·. •.
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would not be ·.expected to be identical for these two kinds of orbitais 1 . Table II importance to the structures of type I,· one would predict that P 1 /P 2 ~ 2 and it should not be too far above the lower limit. The valence bond structures also predict that the negative charge should be even more concentrated on the end carbon atoms than is the spin.
the.spin density ratio shown in
The simple Ruckel theory of Table II 
wo~d be to increase the ca~culated value of P 1 /P 2 over that given in .
.
fall into two non-equivalent sets. · It is possible for an unresolved splitting of the CH 2 coupling constants to contribute a line width to some of the hyperfi~e components. Since we observe· all of the components in butadiene to have the same line width other effects must be dominant~ It seems likely that electron exchange either :with the so-lvent alone or through the solute is the major factor in the line width of this radical-anion in liquid ammo~ia. which we adapted for the x-y plotter.
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